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ABSTRACT
In this Letter, we present an analysis of the relation between the variability of broad
absorption lines (BALs) and that of the continuum. Our sample is multi-epoch ob-
servations of 483 quasars by the Sloan Digital Sky Survey-I/II/III (SDSS-I/II/III).
We derive the fractional flux variations of the continuum and fractional equivalent
width (EW) variations for C iv and Si iv BALs, and explore the correlations between
the three. Our results reveal moderate anticorrelations with high significance level be-
tween the fractional flux variations of the continuum and fractional EW variations for
both C iv and Si iv BALs. We also prove a significant positive correlation between the
fractional EW variations for C iv and Si iv BALs, which is in agreement with several
previous studies. Our discoveries can serve as evidence for the idea: Change of an
ionizing continuum is the primary driver of BAL variability.
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1 INTRODUCTION
Previous observations have long found that broad absorption
line (BAL; with absorption widths >2000 km s−1; Weymann
et al. 1991) variability on time-scales of months to years (in
the quasar rest frame) is common (e.g., Foltz et al. 1987;
Smith & Penston 1988; Barlow, Junkkarinen & Burbidge
1989). BAL variability may be caused by mechanisms of
either changes in the coverage fraction, due, for example,
to gas transverse motion (e.g. Hamann et al. 2008; Shi et
al. 2016); or changes in ionization states of the absorption
gas (e.g., Crenshaw, Kraemer & George 2003, and references
therein).
Some studies have attempted to identify the lead-
ing mechanism of BAL variability, by analysing the rela-
tion between variation of BALs and that of the contin-
uum/emission, and relation between variation of different
ions. As a result, most of them have not found obvious rela-
tion between the BAL and the continuum variability, which
seem to mean that the changes in ionization state is not
the dominant mechanism driving BAL variability (Gibson
et al. 2008; Wildy, Goad & Allen 2014; Vivek et al. 2014).
Gibson et al. (2008) made the above conclusion based on
13 BAL QSOs observed by both the Large Bright Quasar
Survey (LBQS) and the Sloan Digital Sky Survey (SDSS)
separating by 3–6 rest-frame years. Wildy et al. (2014) also
⋆ E-mail:william lo@qq.com
have not found correlation between quasar luminosity and
BAL variability, according to a variability study of 59 C iv
and 38 Si iv BALs in 50 BAL quasars. Similar result has
been presented by Vivek et al. (2014) based on multi-epoch
spectroscopic data of 22 low-ionization BAL quasars that
contain Mg ii and Al iii BALs.
However, correlations between the variation in different
ions of the same broad absorption component do have been
found (Filiz et al. 2013; Wildy et al. 2014). For instance,
using the multi-epoch SDSS spectra of 291 quasars contain-
ing 428 variable C iv and 235 Si iv BALs, Filiz et al. (2013)
have found a strong correlation (at a significance level of
>99.9 per cent) between the variations in equivalent widths
(EWs) of C iv and Si iv BALs corresponding in velocity. Ad-
ditionally, Wang et al. (2015) have presented a discovery of
the coordinated variability between BALs and the ionizing
continuum, though only based on a qualitative analysis. Fur-
thermore, He et al. (2017) estimated statistically that BAL
variability in at least 80 per cent quasars is mainly caused
by the variation in the ionizing continuum, based on a large
sample of multi-observed BAL quasars from SDSS-I/II/III
(Shen et al. 2011; Paˆris et al. 2017).
In this Letter, we attempt to test whether the variation
of BALs and that of the continuum are correlated, based on
a sample of multi-observed SDSS quasars, which possesses
variable C iv and Si iv BALs. This Letter is organized as fol-
lows. We describe data selection and preparation in Section
2, and present data analysis in Section 3. In Section 4 we
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Figure 1. An example of the power-law continuum fit (of SDSS J081026.42+101041.0). The top and bottom panels represent the two
epochs (the SDSS MJDs are labelled in the top right-hand corner of each panel). The observed flux density is in units of 10−17 erg cm−2
s−1A˚−1 and the rest-frame wavelength is in units of A˚. The blue horizontal lines are the RLF windows, and the blue crosses are the pixels
that used to fit the power-law continuum. The main emissions are marked out with blue vertical dotted lines.
Figure 2. Comparison of the frational EW variations of C iv
BALs and those of Si iv BALs. The black dashed line indicates
equal strengths of the frational EW variations for the two ions.
The red solid line is the Bayesian linear regression fit
for all data points. The small frame in the lower right shows a
clear view without err bars of the same plots.
make a discussion about our results. A summary is given in
Section 5.
2 SAMPLE SELECTION AND PREPARATION
He et al. (2017) presented a BAL quasar catalog1 that
contains 2005 BAL quasars, which were observed twice or
more times by SDSS-I/II/III. He et al. (2017) selected these
quasars according to two criteria: (1) a redshift range of
1.9 < z < 4.7; (2) a signal-to-noise ratio (S/N) level of S/N
>10 in at least one spectrum. First, we did a selection with
these spectra according to the differences in EW of C iv or
Si iv BALs between the two SDSS observations, ∆W, which
is defined as follows:
∆W
σ′w
=
W2 −W1√
σ2
w1
+ σ2
w2
, (1)
where W1 and W2 represent the EWs of C iv or Si iv BALs
measured from two-epoch spectra of a quasar, σw1 and σw2
represent the errors on W1 and W2, respectively. We only
keep spectrum pairs that with a confident level of ∆W > 5σ′w
for both C iv and Si iv lines, thus reduced the sample to 1014
spectrum pairs in 483 quasars. Then, we downloaded these
spectra from SDSS data release 14 (DR14; Abolfathi et al.
2017). Since the flux calibration of SDSS DR14 has been
improved (Abolfathi et al. 2017), we can get more accurate
values of the flux density.
In order to evaluate variation of the continuum, we fit-
ted each spectrum using a power-law function. The power-
law continuum was fitted iteratively in several relatively
line-free (RLF) wavelength regions (1250–1350, 1700–1800,
1950–2200, 2650–2710 A˚ in the rest-frame), which were de-
fined by Gibson et al. (2009). During the fitting, we masked
1 http://home.ustc.edu.cn/~zcho/SDSS_DR12_BAL/
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Figure 3. Plots of fractional EW variations of BALs and fractional flux variations of the continuum (four left-hand panels: ∆EW/〈EW〉C iv
versus ∆Fcont/〈Fcont〉1450; four right-hand panels: ∆EW/〈EW〉Si iv versus ∆Fcont/〈Fcont〉1450). Histograms show number distributions of
∆Fcont/〈Fcont〉1450 (top axes) and those of ∆EW/〈EW〉 (right-hand axes). The values of σ of the Gaussian components that fit the num-
ber distributions of ∆EW/〈EW〉C iv and ∆EW/〈EW〉Si iv are labelled. The median error values for ∆EW/〈EW〉C iv, ∆EW/〈EW〉Si iv, and
∆Fcont/〈Fcont〉1450 are 0.026, 0.067 and 0.086, respectively. The frame in the top right-hand side of each panel shows a clear view without
error bars.
Figure 4. Fractional EW variations of C iv (upper panels) and Si iv (lower panels) BAL troughs as a function of fractional flux variations
of the continuum (four left-hand panels are for ∆Fcont/〈Fcont〉 measured at 1350 A˚; four right-hand panels are for ∆Fcont/〈Fcont〉 measured
at 1700 A˚). Panels (A′), (B′), (C′) and (D′) are the clear versions without error bars for Panels (A), (B), (C) and (D). The median error
values for ∆Fcont/〈Fcont〉1350 and ∆Fcont/〈Fcont〉1700 are 0.096 and 0.098, respectively.
out the pixels that are beyond 3σ significance to reduce the
influences of absorption/emission lines and remaining sky
pixels. An example of the power-law continuum fit is shown
in Fig. 1.
3 DATA ANALYSIS
To calculate fractional EW variations for C iv BALs and
Si iv BALs and corresponding uncertainties, we use the fol-
lowing equations:
∆EW
〈EW〉
=
EW2 − EW1
(EW2 + EW1) × 0.5
, (2)
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Table 1. Summary of the correlation coefficients.
r(p)a rbBayes k
c
Bayes
bd
Bayes σ
e
int
∆Fcont/〈Fcont〉1450 − ∆EW/〈EW〉C iv –0.43 (<1E–44) –0.47 ± 0.03 –1.14 ± 0.08 0.17 ± 0.02 0.29
∆Fcont/〈Fcont〉1450 − ∆EW/〈EW〉Si iv –0.48 (<1E–44) –0.57 ± 0.02 –1.93 ± 0.10 0.20 ± 0.02 0.51
∆Fcont/〈Fcont〉1350 − ∆EW/〈EW〉C iv –0.45 (<1E–44) –0.50 ± 0.03 –1.16 ± 0.08 0.16 ± 0.02 0.28
∆Fcont/〈Fcont〉1350 − ∆EW/〈EW〉Si iv –0.49 (<1E–44) –0.59 ± 0.02 –1.94 ± 0.10 0.18 ± 0.02 0.49
∆Fcont/〈Fcont〉1700 − ∆EW/〈EW〉C iv –0.34 (1.33E–28) –0.43 ± 0.03 –1.06 ± 0.09 –0.12 ± 0.03 0.31
∆Fcont/〈Fcont〉1700 − ∆EW/〈EW〉Si iv –0.41 (5.59E–42) –0.51 ± 0.03 –1.81 ± 0.11 –0.30 ± 0.04 0.55
∆EW/〈EW〉C iv − ∆EW/〈EW〉Si iv 0.95 (<1E–44) 0.93 ± 0.00 1.39 ± 0.02 –0.02 ± 0.01 0.11
Notes.aThe Spearman rank correlation coefficient, the values in brackets are the two-sided significance of the deviation from zero.
bThe correlation coefficient between the dependent and independent variables from Bayesian linear regression fit .
cThe slope of the linear fit.
dThe constant in the regression.
eThe variance of the intrinsic scatter.
σ ∆EW
〈EW〉
=
4
√
EW2
2
EW2
noise1
+ EW2
1
EW2
noise2
(EW2 + EW1)
2
, (3)
where the subscripts ‘1’ and ‘2’ are the former and latter
time epoch measurements, respectively; 〈EW〉 is the average
EW value for the two epochs; EWnoise is the EW uncer-
tainty. The EW measurements of C iv and Si iv BALs were
derived from He et al. (2017). The ∆EW/〈EW〉C iv versus
∆EW/〈EW〉Si iv correlation were plotted in Fig. 2.
Similarly, we evaluated fractional flux variation of the
continuum and corresponding uncertainty using the follow-
ing equations:
∆Fcont
〈Fcont〉
=
Fcont2 − Fcont1
(Fcont2 + Fcont1) × 0.5
, (4)
σ ∆Fcont
〈Fcont〉
=
4
√
F2
cont2
F2
noise1
+ F2
cont1
F2
noise2
(Fcont2 + Fcont1)
2
, (5)
where Fcont1 and Fcont2 represent the power-law continuum
flux for the two epochs, respectively; Fnoise is the flux un-
certainty. The wavelength coverage of SDSS-I/II spectra is
3800–9200 A˚ (observed frame), and the emission redshift
coverage of our spectral sample is 1.9 < z < 4.0. Thus, the
common wavelength coverage of our spectral sample is about
1305–1840 A˚ in rest frame. To avoid accidental conclusions,
we measured ∆Fcont/〈Fcont〉 at 1350 (∆Fcont/〈Fcont〉1350), 1450
(∆Fcont/〈Fcont〉1450) and 1700 A˚ (∆Fcont/〈Fcont〉1700), respec-
tively.
To quantitatively assess whether there is a correlation
between the variation of BALs and that of the continuum,
we performed a Spearman correlation and a Bayesian lin-
ear regression techniques (Kelly 2007). The test results were
listed in Table 1.
4 RESULTS AND DISCUSSION
4.1 Correlation between fractional variation of
BALs and that of the continuum
Both the Spearman and Bayesian tests show moderate an-
ticorrelations with high significance level between fractional
variations of BALs and that of the continuum, for both C iv
and Si iv BALs, and for ∆Fcont/〈Fcont〉1350, ∆Fcont/〈Fcont〉1450
and ∆Fcont/〈Fcont〉1700 (Table 1, Fig. 3 and Fig. 4). To
make the statement clear, we select the ∆Fcont/〈Fcont〉1450
to present the fractional variation of the continuum in the
following. The Spearman coefficient is r = −0.43 (with a sig-
nificance level of p < 1E − 44) for the ∆EW/〈EW〉C iv versus
∆Fcont/〈Fcont〉1450 correlation and r = −0.48 (p < 1E − 44)
for the ∆Fcont/〈Fcont〉1450 versus ∆EW/〈EW〉Si iv correlation.
The correlation also be confirmed by the Bayesian linear re-
gression fit, the method that have taken into account the
intrinsic scatter in the data. These results imply that the
variations of these BAL variabilities are primarily driven by
the variation of an ionizing continuum.
Although correlations with a high significance signifi-
cance level do exist, both the two relations (∆EW/〈EW〉C iv
versus ∆Fcont/〈Fcont〉1450 and ∆EW/〈EW〉Si iv versus
∆Fcont/〈Fcont〉1450) show large dispersions (Fig. 3). We
suppose that such dispersions may be caused by several
reasons. (1)The continuum may be effected by variable
shielding gas, which prevents us from measuring accurately
the ∆Fcont/〈Fcont〉1450 (Kaastra et al. 2014; Arav et al.
2015). (2) BALs may suffer from saturation, which prevents
us from measuring accurately the ∆EW/〈EW〉C iv and
∆EW/〈EW〉Si iv. (3)The existence of other mechanisms
leading to vairations of the BALs, for instance, gas moving
in or out of the line of sight may at work for some of the
BALs. (4)The variaion of a BAL trough may respond to a
variation of continuum positively or negatively, depending
on the ionization states of absorbers (Wang et al. 2015; He
et al. 2017).
4.2 Comparison of fractional EW variations of C
IV and Si IV BALs
As shown in Fig. 2 and Table 1, correlation between frac-
tional EW variation of C iv(∆EW/〈EW〉C iv) and those of
Si iv (∆EW/〈EW〉Si iv) are detected (r = 0.95, p < 1E − 44).
This result is in agreement with previous studies (Filiz Ak
et al. 2013; Wildy et al. 2014; He et al. 2017). However, the
slope value of ∆EW/〈EW〉C iv versus ∆EW/〈EW〉Si iv relation
is greater than 1 (kBayes = 1.39), which means that Si iv
BALs show larger fractional EW variations than C iv BALs.
This difference between these two ions is also shown in Fig.
3, where ∆EWSi iv (with σ = 1.04 for the best-fitting Gaus-
sian component) tends to be greater than ∆EWC iv (with
σ = 0.42 for the best-fitting Gaussian component). We pro-
pose that this difference between the two ions is caused pri-
MNRAS 000, 1–5 (2017)
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marily by the following reasons. First, the red and blue lines
of Si ivλλ1393, 1402 doublets are separated wider than those
of C ivλλ1548, 1551 doublets in the rest frame, due to dif-
ferences in their fine structures. Second, as shown in both
photoionzation simulation (e.g., He et al. 2017) and obser-
vation studies (e.g., Filiz Ak et al. 2013; He et al. 2017), C iv
BAL troughs tend to be stronger than Si iv BAL troughs.
These two factors cause the C iv BALs suffer more satura-
tions than Si iv BALs, so that ∆EW/〈EW〉C iv tends to be
weaker than ∆EW/〈EW〉Si iv.
4.3 Other properties of the absorbers
Our research can roughly reveal the ionization states of
the absorbers. Photoionization simulations have showed that
with increasing ionization parameter (U), the EWs of C iv
and Si iv rise first, then reach a peak, and decrease at last
(e.g., He et al. 2017). In this Letter, fractional EW variations
of both C iv and Si iv show anticorrelations with fractional
flux variations of the continuum. These results mean that
most of the absorbers in our sample are at the relatively
high ionization state.
Recently, Lu et al. (2017) have found a strong anti-
correlation between the variations of NALs and that of the
continuum, using a sample of two-epoch optical spectra of
40 quasars with 52 variable C iv λλ1548,1551 doublets (the
sample is from Chen et al. 2015). Now in this Letter, we find
out the anticorrelation between the variations of BALs and
the continuum too. The variations of both BALs and NALs
mainly driven by photoionization, indicating that there may
be some physical relationship between the variable BALs
and NALs. Specifically, they may origin from the same part
of the outflow having similar locations (e.g., close to the
central engine) and physical conditions (e.g., high ionization
state).
5 SUMMARY
Utilizing a sample of 1014 spectrum pairs in 483 quasars,
we have calculated fractional variations of the continuum,
∆Fcont/〈Fcont〉1450, based on the power-law continuum fit-
ted by ourselves; and fractional variations for C iv and Si iv
BALs, ∆EW/〈EW〉C iv and ∆EW/〈EW〉Si iv, based on the EW
measurements from He et al. (2017). And we have probed
the correlations between the three. The main conclusions
can be summarized as follows.
(i) Moderate anticorrelations with high significance
level of ∆Fcont/〈Fcont〉1450 versus ∆EW/〈EW〉C iv and
∆Fcont/〈Fcont〉1450 versus ∆EW/〈EW〉Si iv are detected. These
findings provide evidence for photoionization-driven BAL
variations. However, the correlations show large dispersions,
which can be explained by the effects from variable shielding
gas, BAL saturation, ionization state of the outflow or other
BAL variation machines.
(ii) Significant positive correlation between fractional
EW variation of C iv (∆EW/〈EW〉C iv) and those of Si iv
(∆EW/〈EW〉Si iv) is detected (Spearman coefficient r = 0.95
with p < 1E − 44). However, the variations of Si iv BALs
tend to be greater than those of C iv BALs, which can be
explained by the difference in saturation extent between C iv
and Si iv BALs.
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